Abstract. The mechanical properties of ceramic injection molded (CIM) components are largely influenced by microstructural inhomogeneities that result from the interaction of rheological properties of the thermoplastic feedstock with machine parameters and the design of mold and injection gate. These inhomogeneities (e. g. texture, turbulences, joints, and density gradients) can form weak spots in the material or lead to anisotropy of the material properties. Additionally, they can influence the local sinter shrinkage behavior and thereby lead to the formation of residual stresses in the component. For this reason, it is of great importance to analyze these inhomogeneities in order to improve CIM processes and CIM components.
Introduction
Thermoplastic ceramic injection molding (CIM) is characterized by the production of components with net shape dimensions, high surface quality, high number of units produced and low cycle times. These features and a high automation level of the machine equipment employed lead to economic efficiency due to low cost per part [1] . [2] The CIM process cycle can be subdivided in four phases ( Fig. 1) , in Phase 1 the molten thermoplastic feedstock is injected into the mold with a high pressure, then a dwell pressure is kept during the initial solidification of the component in the cooled mold. In Phase 2 the component cools down, meanwhile new feedstock is dosed in the plastification unit. In Phase 3 the mold is opened, in Phase 4 the component is ejected, the cycle begins again [2] .
Fig. 1: Process cycles of injection molding
The component quality is influenced by the viscosity and form filling behavior of the CIM feedstock, the injection parameters, the mold and the gate design (Fig. 2) . Pin point gates are most economical to produce, but due to free-jet formation quite risky concerning component quality. Film gates lead to the best component quality but are expensive to produce and in some cases impossible. Due to geometric limitations, lateral gates with or without filming, are the economic compromise between the two extremes [3] . In more complex forms the arrangement and type of the gates is most important to obtain a good form filling behavior. The position should be chosen in such a way that colliding flow fronts do not appear in critical regions of the component to obtain sufficient mechanical properties.
Fig. 2: Gate designs in CIM molds
Most commercially available ceramic powders used for CIM process are irregularly and splintery shaped and they differ more or less from the ideal spherical shape. The tendency of the particles to reorient in a position with lowest possible flow resistance, but with a very limited time available for this process, causes flow textures during the form filling at high velocities and injection pressures [4, 5] .
Most ceramics are anisotropic in their physical and mechanical properties. In non textured microstructures the effects of anisotropy of each individual particle is leveled out by the random arrangement of the particles in the volume observed. This leads to average values of physical and mechanical properties [6, 7] . The deviation from this average value caused by the texture can cause a decrease in mechanical properties below the requirements to the components. The typical properties of the material used determined in ideal sample specimen can not be reached. This can lead to incorrect dimensioning of components and to weakened or even pre-damaged components during manufacturing and application. Injection molded ceramic components often show production related flow textures, which affect the dimensional accuracy and mechanical reliability. A texture analysis is required for the comprehension of flow texture formation and implementation of necessitated optimization steps in CIM processing and mold design. Present flow texture analysis methods are either very expensive and time-consuming or need a lot of complex expert knowledge.
PLOTA (polarized light optical texture analysis) is a new method for qualitative and quantitative
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flow texture analysis, which combines traditional transmitted light polarization microscopy ( Fig. 3 ) with modern electronic color analysis methods based on electronic image processing and the L*a*b* -color standard (Fig. 4) [8, 9] . This is a modern succession method for the traditional Fedorow universal stage method [10] . The color analysis method uses the fact that the majority of ceramic materials are optically birefrigent. For the analysis a ceramic thin section with a thickness of ca. 20µm is examined with transmitted light polarization microscopy.
Due to the birefrigence characteristical interference colors occur by transillumination (Fig. 3) . The interference colors depend on the angle between the crystal orientation and the reference direction. The reference direction is the microscope axis, the sample is commonly prepared and placed in such a way that the injection direction is orthogonal to the microscope axis. The colors are detected analogously or digitally. The angle dependent interference colors are correlated to the position of the crystal lattices. This fact enables to obtain information about the location and the degree of the texture orientation [12] . The interference colors are detected with a CCD -camera which works in combination with a transmitted light polarization microscope. The red-green-blue (RGB) -image information is converted into standardized L*a*b* color values in an electronic picture processing unit. The standardized L*a*b*-color information are assigned to accurately defined angle positions (Fig. 4) . In Figure 5 an example is given for the procedure.
The colors of interference observed, are depended on the thickness of a quartz wedge, used as a reference standard. The measured colors vectors a* and b* in the samples were compared with this standard. Distinct angle differences in local and global grain orientation signify a broad degree of texture. To describe the orientation of a crystal in a thin section two angles are needed. First, the (Fig. 5) . 
Realization
Two different feedstocks for CIM were prepared. One contained spheroidal particles of alumina (Sumitomo AA18, AKS 3000 and AKP 30) the other contained blocky alumina (ALCOA A 16 SG and CT 3000 SG). Maximum primary grain size of the powders was about 20µm for the spheroidal powder and about 5µm for the blocky one. The parameters of the CIM-process were varied in a fractional attempt plan. The aim was to find a correlation between the parameters and the textures. After sintering of the rings thin section with a thickness of 20µm were prepared. The optical texture analysis was carried out with 17 thin sections of CIM-rings (Fig. 6) . The section was perpendicular to the direction of injection. The samples with blocky alumina showed textures after sintering. In all samples with spheroidal grains no textures were observed. Therefore only the samples containing blocky shaped primary grains were investigated. In the next step PLOTA was used to quantify the samples textures.
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Results
The results are shown in polar diagrams (Fig. 5,7 ). All 17 sets of inclination angles lie on semicircles with round about 52°. Measure point 1, witch is located in the flow front, shows that the declination angle is 0°. The orientation of texture is parallel to the direction of injection. At the components surface, the contact interface between feedstock and mold, the declination angles are perpendicular to the surface of the rings (Fig. 7) . This is shown by the measure points at the edges of the rings. The declination angle increases by the distance to the injection point. It is obvious that there is no correlation between parameters of the CIM-process and the textures. 
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It is evident that the grain shape is the all-dominant influence on texture.
Discussion
The inclination angle values of all 17 samples are varying round about 52°. In the area of the flow fronts the declination angles are exactly parallel to the direction of injection. The grains are orientated during the CIM-process in a position with lowest possible flow resistance. It was shown that the CIM-parameters have no strong influence on textures. The all dominant influence has the grain shape. Spheroidal grains are not able to orientate during the filling of the mold. A mixture of blocky and spheroidal powders with different primary grain size might led to less textures in the components produced by CIM.
Summary
The suitability of the optical texture analysis method (PLOTA) as a test method to check the component quality and to analyze component damages is shown. It is furthermore a promising tool of optimization in R & D of CIM-products in mechanical engineering. It was shown that the textures and the CIM-parameter do not corelat. The greatest influence to textures has the shape of the powders. Spheridal powders lead to less textures. If it is possible to automat the procedure of PLOTA it will be an exelent tool for standardized tests in quality control.
